ABSTRACT
InTRoduCTIon
Life expectancy has been steadily rising over the last century. As recently as 2008, the Chinese Vital Statistics estimated that there are over 17 million people in the People's Republic of China (1.4% of the population) 80 years old or older (11). The very elderly are a small but rapidly growing segment of the Chinese population. This group has been noted as the orthopedic surgery population and represents a concern as the very elderly patients have multiple risk factors including general condition, comorbidity and pathophysiological changes which may result in more adverse outcomes after surgery. Advanced age might therefore be considered a contraindication to elective spine surgery. Treatment of spinal degenerative disorders in the very elderly is a challenge for the practitioner. Spinal surgery for the very elderly requires the orthopaedic surgeon to consider the patient as more than just an older individual and demands that the entire perioperative milieu be examined and its issues resolved.
Lumbar disc herniation is less frequent in the very elderly although it occurs at every adult age. As the number of elderly people is increasing steadily, lumbar disc herniation in the very elderly has become more common, and the incidence of indications to operate on those patients for this lumbar spinal disorder has also increased. However, there is little
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information about acute and long-term outcomes of surgery for lumbar disc herniation in octogenarians and the influence of age on the outcome after lumbar surgery still remains a matter of controversy (7, 12, 15) .
The present study evaluated the feasibility, efficacy and safety of surgical treatment of lumbar disc herniation in patients over the age of 80 years compared with middle-aged patients.
MATERIAL and METHodS
Forty five patients older than 80 years (mean age, 84.1 years), defined as belonging to the very elderly group, who were surgically treated between January 2004 and October 2009 for a CT or MRI-verified one-level disc herniation that correlated with the patients' symptoms were identified. During the same period, there were 434 patients aged between 40 and 60 years with lumbar disc herniation undergoing the same surgical procedure, and 45 patients from this group (mean age, 49.1 years) were randomly chosen to serve as the control group (middle-aged group) for comparison. The diagnosis of lumbar disc herniation depended upon typical symptoms such as shooting pain in the lower extremity, neurological examination revealing abnormal reflexes, positive straight leg raising test and abnormal sensation in the foot or leg. All the patients underwent an MRI scan to confirm the diagnosis. Persistent signs and symptoms of radiculopathy that lasted for at least 12 weeks were present and unremitting with conservative treatment such as medication, physical therapy, and injections before surgery. We included only patients who underwent surgery at a single level for the first time. Patients with multiple herniations were included if only one of the herniations was considered symptomatic or if only one was planned to be operated on. We excluded patients with severe comorbid conditions and obvious spinal deformity. The surgical procedure was a conventional single-level laminectomy, discectomy and/or spinal fusion surgery by welltrained orthopedic spine surgeons. An intraoperative crosstable lateral radiograph was used to identify the appropriate level. The nerve root was completely decompressed and mobile. Surgical contraindications included multiple organ dysfunction or failure, severe malnutrition, acute infection, and other medical conditions where the patients were unable to tolerate surgery by preoperative surgical risk assessment.
Perioperative management
It is crucial to determine the physiological changes related to aging and to correctly evaluate and manage the related comorbidities and disabilities in the perioperative period. Before surgery, patients were required to have a complete physical examination and routine preoperative testing. The patient was advised to stop smoking at least a week before surgery and to take nothing by mouth after midnight before the procedure. Anticoagulants, antiplatelet drugs and arthritis medications should be discontinued 7 to 10 days before surgery. Strict blood glucose and blood pressure control should be pursued more seriously throughout the perioperative period. In addition, early nutritional support in the undernourished and malnourished elderly is very important.
After surgery, all subjects initially received absolute bed rest. Most patients will remain in the hospital for 2 to 10 days after the procedure. Active measures should be taken to prevent infection, deep venous thrombosis, severe pain, and to get the lungs back to normal function. Patients were educated on lumbar stretching and core muscle strengthening as early as possible after surgery. Patients were discharged to either home or rehabilitation facilities. A second follow-up examination was usually done 2 and 8 weeks after surgery.
Outcome measures
The demographic characteristics collected included age, gender, comorbid conditions, duration of symptoms, followup time, level and classification of lumbar disc herniation (Table I) .
Operative time (OT), intraoperative estimated blood loss (EBL), length of hospital stay (LOS), and complication rate (CR) were chosen to assess the safety of surgery. OT and EBL were collected from anesthetic records, in which the intraoperative EBL was recorded as blood loss estimated in sponges and drapes plus the volume of salvaged blood in the cell saver, or suction container if a cell saver was not used. The LOS was determined from admission to discharge. In our work, common complications included wound infection, wound haematoma, cerebrospinal fluid leak.
The postoperative mean follow-up period for clinical outcome variables was 19.7 months (range, 12 to 30 months). Primary outcome data included the Visual Analog Scale (VAS), as described in detail by Scott and Huskisson17, and the Oswestry disability index (ODI) 6, which were collected in an independent examiner not affiliated with the study preoperatively, at the postoperative second week, and at the final follow-up. The secondary outcome was patient satisfaction with current symptoms and care and return to active duty. The patient satisfaction was evaluated using the North American Spine Society Outcome Questionnaire (NASS-Q) with Patient Satisfaction Index (PSI) (3) . A score of 4 or 5 was regarded as reflecting a satisfactory outcome. Questionnaires were sent to patients by investigators other than the primary surgeon for the final follow-up assessment.
Statistical Analysis
All statistical analyses were conducted using SPSS software (version 16.0; SPSS Inc., Chicago, Illinois). Continuous variables were expressed as mean (standard deviation, SD), and categorical variables as a percentage of the number of patients. The two independent samples test was used to analyze differences between groups for continuous data, and the Mann-Whitney U test and the Chi-square test for categorical data. A P value of less than 0.05 was considered statistically significant.
RESuLTS

Demographic characteristics
Patient demographic data are listed in Table I . The major preoperative medical conditions included hypertension, diabetes mellitus, pulmonary disease, and joint problems.
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The other comorbidities comprised stroke, osteoporosis, cancer, heart disease, chronic renal insufficiency, hepatic dysfunction, dementia, hyperlipemia, transient ischemic attacks, peripheral vascular disease, and drug dependency. In the very elderly group, 11 patients (24.4%) had no comorbidity and 6 patients (13.3%) had two or three comorbid conditions. The most common levels for a herniated disc was L4-5. Sequestered extrusion was the main type of lumbar disc herniation. However, the most common levels for a herniated disc were L5-S1 and extrusion was the main type of lumbar disc herniation in the middle-aged group. The very elderly group had a significantly higher incidence of comorbidities when the two groups were compared.
Safety assessment
The safety analysis of surgery in both groups is shown in Table II . There were statistically significant differences in LOS (P < 0.001) between the elderly and the middle-aged group, but not in OT (P = 0.142), EBL (P = 0.243) and CR (P=0.308) detailed in Table II . Complications occurred in 6.7% (n = 3) of the patients in the very elderly group and 2.2% (n = 1) of the patients in the middle-aged group. The difference in overall complications was not significantly different between the two groups. All of the intraoperative, postoperative and long-term complications were resolved uneventfully. No intraoperative or hospital deaths occurred. Most reports on the outcome of lumbar discectomy for herniation show good results and safety (4, (9) (10) 13, 18, 20) . Many of the patients in these reports were young, middle-aged or younger than 80 years old (7, (9) (10) 13, 18, 20) ; few reports have evaluated how very elderly patients respond to lumbar discectomy. The normal ageing process causes changes in all structures of the lumbar spine, many contributing to central spinal stenosis which affects the elderly, and disc herniation which is most common in middle-aged patients (2) . Every patient in our study had a demonstrable disc herniation as the cause of lower back pain and/or sciatica. Sequestrated herniation at a high level was more common in the very elderly group, and the degenerative changes were obviously more pronounced than in the middle-aged group. These characteristics of lumbar disc herniations in the very elderly patients were assumed to result from severe disc degeneration (5).
In our current study, we were able to directly compare the outcomes of patients 80 years or older with a middle-aged patient cohort specifically with lumbar disc herniation. The very elderly population was found to have a significantly increased number of preoperative comorbid conditions. Although some studies (1, 8, 19) have shown that advanced age is not a significant factor in poor outcomes after spine surgery, increasing comorbidities increase the risk of morbidity or complication.We were very careful about surgical indications and surgical technique in the very elderly population in the present work and observed that they had a slightly higher incidence of adverse events, but without any significant difference in complications compared with the middle-aged group. The complication rate in this study was similar to those reported in other studies (14, 21) . Analysis revealed that the very elderly patient population had a significantly increased length of hospital stay as compared with the middle-aged
VAS and ODI
All patients were assigned pain-scale scores and ODI prospectively, before and after surgery and final follow up (Table III) . A decrease of greater than 2 points on the VAS was observed in 82.2% (37/45) of the very elderly group and 80.0% (36/45) of the middle-aged group at the final follow up period. The differences in VAS score between the groups were not significant. About 84.4% (38/45) of the very elderly group and 77.8% (35/45) of the middle-aged group had a decrease in Oswestry index of at least 25%. There was no significant difference in Oswestry disability index between the two groups.
Patient Satisfaction
As shown in Table IV , 39 (86.7%) patients stated that they would undergo the same surgery for the same result (Patient Satisfaction Index of 4 or 5) in the very elderly group in the last follow-up period. Thirty eight (84.4%) of 45 patients reported subjective satisfaction in the middle-aged group. We found no statistically significant difference between the groups (P=0.761).
dISCuSSIon
As the Chinese population ages (11), orthopedic surgeons will be faced with treating an increasing number of elderly patients with lumbar disc herniation. The elderly patients need special attention because they may have inadequate functional reserve of important organ systems when subjected to the stress of surgery or its complications. We therefore decided to conduct a retrospective review of patients 80 years or older who underwent surgery at our spine center, in an attempt to define the surgical safety and efficacy of such patients compared with middle-aged patients. patient population. There were no significant differences in OT, EBL and CR between two groups. Therefore, the results suggest that laminectomy, discectomy and/or spinal fusion surgery is a safe and acceptable treatment without significant morbidity for selected octogenarians.
The postoperative and last follow-up VAS and ODI scores in the very elderly patients were similar to those in middleaged patients. The very elderly patients were found to have their symptoms improved with lumbar disc herniation after surgical treatment. Besides the VAS scores and ODI scores, we also investigated patient satisfaction in both groups at the ultimate follow-up. Findings showed that 86.7% patients aged over 80 reported a general satisfaction after surgery, which is basically consistent with a previous finding reported by Saruhashi et al (16) who reported that 89.4% of patients were satisfied with their operation. The results achieved indicate that standard lumbar discectomy has the same efficacy in very elderly patients with lumbar disc degenerative disease as in middle-aged patients.
There are several weaknesses in this study. All the procedures were performed by a single spine center and the results therefore need to be confirmed in a multicenter study. In addition, the follow-up period was short (12-30 months) and the long-term outcome of surgical management in octogenarians with lumbar disc disorder cannot be ensured. Most patients rejected to participate in a prospective randomized controlled trial, and we therefore only followed the cohort of operated patients. The follow-up was available from all patients that were still alive.
ConCLuSIonS
In conclusion, careful attention to patient selection, surgical indications and aggressive perioperative management is always required for the successful treatment of the very elderly population. Conventional laminectomy, discectomy and/or spinal fusion surgery in patients over age 80 is a feasible, safe and effective treatment without significant morbidity compared with middle-aged patients. There was a long-lasting improvement and high patient satisfaction after lumbar discectomy in the majority of very elderly patients. In our opinion, this study may provide some guidance in clinicalpractical decisions for very elderly patients with single level lumbar disc herniation. Further research should focus on appropriate treatment of octogenarians with multiple level disc herniation.
